The purpose of this work was to assist with the development of an- [Kaye, 1987 [Kaye, , 1990 ] indicate a small depletion in the stratospheric H21sO distribution relative to normal water vapor. Measurements by Carli et _. [1990] from far-infrmmd thermal emission observations and Rinsland et aL [1991] from middle infrared solar absorption observations showed no enhancements or small depletions indicating a_reement with the theoretical predictions. Inconsistent with with the two latter investigations,the results obtained by Guo et aL [1989] showed substantial relative enhancements in the
H21So concentration.
We report here the results of an analysis which was carried out with two objectives in mind. The firstobjective is to analyze the existing set of 1983 far-infraxed spectrL for
Os, H20, HF, and HCf using a method of calibration,angle determination, and anaJysis which was developed independently from that originallyused on a subset of this dat_ The second objective is to analyze the spectra for HslZO and HslSo, which has not been done previously, and to compare these resultswith those of other investigations.
Observations
Fax-infrared stratospheric limb thermal emission spectra were obtained with a doublebeam Fourier-trmnsform spectrometer [Traub et aL, 1982 [Traub et aL, , 1991 launched on a bMloon flightfrom Palestine, Texas, on June 23, 1983, as part of the Balloon Intercomparimon Campaign (BIC-2). The spectra analyzed in this paper were obtained between about 10 am and 10 pm local time at a float altitude of about 37 kin. The fieldof view is a circular beam with 0.3deg fullwidth at half maximum, which corresponds to a verticalresolution of about 2 km at the limb. The telescope pointing direction is controlled in a_imuth to about ldeg by the gondola, and in elewtion by a single-axis stabilization system which employs a gyroscope for short term reference (gondola sway) and an inclinometer for long term reference (gondola tilt).
--
The usable spectral range is about 80 to 220 cm -I, and the unapodized spectral resolution is 0.032 cm -l . A complete limb-scan sequence comprises spectral observations at seven angles: a black-body reference, a high-elevation background scan, and fivescmmB neax the limb with tangent heights from 21 to 37 kin. et al., 1986; Traub et al., 1986] ; the precision of pointing was about 0.02deg. The reasoning behind our Method-2 adjustment of the intensity scale is the following.
In principle, the intensity of any optically thick spectral llne should depend only on the atmospheric temperature profile.However, we found that the observed peak intensitiesof fullysaturated H20 lines,which should reflectatmospheric temperatures in the vicinityof the balloon floatheight, were slightlysmaller than the values calculated with the radiative transfer model. In order to match the peak intensitiesof the observed and calculated lines,the obgserved spectra were multiplied by a factor of 1.02 to 1.03, depending on the wavenumber. This implies that the reference blackbody is actually about 3 to 4 K warmer than the thermisters indicated.
The reasons for employing the pointing angles retrieved from the observed spectra are Another possibilityis that the assumed altitude of the balloon is in error. We believe that this is unlikely to be a significanteffectin the present case because, according to our published error analyses icf.Murcra!/ et aL, 1990; Robbins et aL, 1990; Man_'n et aL_1990;
Farmer et aL, 1990] the uncertainty in mixing ratio at any point in the profileisonly about 3-4% for H20, Os, HF, or HCI; of the seven other error sources identified in these BIC-2 studies, the estimated contribution is either about the same amount (from, for example, pointing uncertainty) or substantially larger (from pressure broadening uncertainty).
Recognizing the above uncertainties, we procede nevertheless, in the spirit of a Clearly the lazger broadening parameters give shifts which are about half"the nominally required v_lues, which suggests that perhaps the broadening parameters are indeed too small. However, the increased broadening parameter stillrequires that the viewing angles be shifted by substantial (albeit smaller) amounts; also, the rum scatter is larger, indicating poorer overall agreement between the three oxygen lines. In conclusion, this exercise shows us that (s_the magnitude of the angle correction increases with tangent altitude, and (is') part of the correction (but not all of it) might be assiEnable to broadening parameter error.
In the remainder of this paper, we adopt the oxygen-derived angles as determined by the nominal broadening coefficients, to give nadir angles of 86.00 -0.14 = 86.86, etc.,and use these alternativeviewing angles to derive mixing ratio profilesfor the SAO BIC-2 species, plus two water vapor isotopes.
Abundance Analyses
The radiative transfer model and the analytical techniques employed in obtaining the results presented in this paper have been discussed in several previous publications [e_g., Abbas et aL, 1984b Abbas et aL, , 1985 Abbas et aL, , 1987a 
Constituent Distributions
Using the inversion technique discussed above, vertical profilesof Os, H21eO, H21sO, H2170, HF, and HCf have been derived. These profilesare compared with (s)those obtained earlierusing Method-1 calibration on a subset of the present data, (s's_ those obtained from other data sets but using a Method-2 analysis for water isotopes, and (ifi') those obtained independently by other groups. We expect that there could be real differences between the results of the current analysis and the previously-published (Method 1) results,owing to the fact that the current data base covers the full flight (11.0 hours of observation, looking both west and north from the balloon), whereas the previous results covered only the designated intercomparison part of the flight(1.5 hours, looking west).
Ozone
The ozone profile obtained from the 17 lines in Table  1 is shown in Fig. 4, and clearlyyields an ozone profilewhich isweaker at high altitude and stronger at low altitude than the originalanalysis,there still is no significantdifference in shift or rms with respect between either of these profilesand the BIC-2 "standard" ozone profile.
Water Vapor
The verticalprofilefor H21sO retrieved from the 11 lines in Table 1 is shown in Fig. 6 .
The average standard deviation is about 15%, calculated in the same way as for ozone, above. Also shown for comparison in Fig. 6 expect to see a monotonic increase with height, from about 3.5 ppmv near 20 km to about 4.8 ppmv near 40 kin, which does not match any of the curves shown in Fig. 6.) A comparison of the observed (solid line) and synthetic (dashed line) spectra for a typical line of H2160 is shown in Fig. 7 , indicating a good fitof the peak intensities, the continuum, and the line shapes.
H2_"O
The present retrieval of H21SO is based on I0 spectral lines identified in Table 1 .
The derived profile,with the mixing ratios normalized to their natural abundances in accordance with the HITRAN data base, is shown in Fig. 8 . The error bars relm_nt the total standard deviation of the measurement, calculated as the quadrature sum of the random and systematic errors. Also shown on the same figure is the simultaneously measured H21sO mixing ratio profile(circles)discussed just above. The next fig_-eshows a comparison of the observed (solidline) and the synthetic spectra (dashed line)inclicating a good fitof some lines employed in the analysis.
In Fig. 8 
H2170
The isotope H2170 was retrieved using the 7 lines listed in Table 1. The vertical  p1_l_le is shown in Fig. 10, along As in the previous case, the ratio of the two profiles is close to unity, with an average standard deviation of the ratio of about 20%.
This result is consistent with those of Rinaland et al. 
Hydrogen Fluoride and Hydrogen Chloride
The HF profilein Fig. 12 is derived from the two isolated lines given in Table 1 In Fig. 13 However in the present analysis,using Method 2, the 3 upper data points fallclearlybelow the average curve, echoing the general pattern observed for the other species discussed in this paper.
Conclusions
In this paper we presented the results of an analysis which was carried out with two objectives in mind. The firstobjective was to analyze an existing set of 1983 far-_ spectra for Os, H20, HF, and HCI using a method of calibration,angle determination, mad analysis which was developed independently from that originally used on a subset of this data.
The second objective was to analyze the spectra for H21zO and H21SO, which had not been done previously, and to compare these results with those of other investigations.
We find the following results. The current analysis (Method 2) gives _ ratio profilesof Os, H20, HF, and HCI which are often shifted significantlywith respect to the original analysis (Method 1). The shiftsaxe usually in the direction of a mean value, as determined from the other experiments which flew simultaneously, but in a few canes the shiftseither overcompensate or seem to add noise. Overall, the Method-2 calibration seems to generally improve the derived profiles,but the improvement is not universal, mad there isno explanation for why the on-boaxd temperature and angle parameters should be in error by the implied amounts.
On the other hand, the determination of isotope ratios of water should be relatively independent of the above caveats, since some of the systematic effects of scaling drop out when ratios of abundances are taken. We find that there is no evidence for either enhancement or depletion of stratospheric water isotopes H2180 and H21rO with respect to the main isotope, with a standard deviation of about 20%.
List of Figures   Fig. 1 Also shown for comparison isthe normal H2isO profileretrieved in this work (from Fig. 6 ). 
